Abstract-The ATLAS experiment is a multipurpose experiment at the Large Hadron Collider (LHC) designed to study the interactions of the fundamental particles. The interaction rate of the LHC is such that a three level trigger system is needed to select, in real time, the interesting events to be recorded by ATLAS. The LHC has recently provided the first pp collisions at √ s = 7 TeV and the first data are used to study the performance of the ATLAS High Level muon trigger. Good performance of the algorithms is observed.
I. INTRODUCTION
T HE LHC is a circular proton-proton accelerator designed to collide protons with a centre-of-mass energy, √ s = 14 TeV. In the initial phase (2010 and 2011), the LHC will run at a reduced energy, √ s = 7 TeV. ATLAS [1] is a multipurpose experiment situated at one of the interaction points on the LHC ring, designed for a wide variety of physics studies. The detector is made up of three main subsystems. The inner detector (ID) provides precision tracking of charged particles and is surrounded by a solenoidal magnet, which provides a 2 T magnetic field. Outside the solenoid is the calorimeter system, which is designed to absorb and measure the energy and direction of electrons, photons and hadrons. The calorimeters are surrounded by the muon spectrometer, which is designed to measure the trajectories of muons after they have passed through the calorimeters. A toroidal magnet sub-system provides a magnetic field that allows the transverse momentum, p T , of muons to be determined up to p T ∼ 1 TeV. Details of the expected performance of the ATLAS detector can be found in [2] . One of the key challenges of the experiment is to reduce the huge rate of collisions (40 MHz at design luminosity) to the rate which can be recorded, ∼ 200 Hz. This is achieved by a three level trigger system that selects, in real time, the events needed for the physics studies. The Level 1 (L1) trigger system uses input from the ATLAS calorimeter & muon systems and must make its decision within 2.5μs. The Level 2 (L2) and Event Filter (EF) make up the High Level Trigger (HLT) system and have access to the full detector readout. They must make their decisions within approximately 40ms and 4s respectively. Since events not selected by the trigger system are not available for further analysis, good performance of the trigger system is essential for the ATLAS experiment.
In the initial phase of the LHC, the collision rate has been such that it can be controlled solely with the use of the L1 trigger system. This allows the performance of the HLT algorithms to be studied relative to the offline reconstruction M. Owen is with the School of Physics and Astronomy, The University of Manchester, Manchester, UK.
in an unbiased way. This paper documents the early studies for the HLT muon algorithms.
A. ATLAS Muon System
The ATLAS muon system is made up of three stations at increasing distance from the collision region. Precision measurements of the η 1 coordinate in each station are provided by monitored drift tubes (MDT) everywhere, except for the innermost station for |η| > 2.0, where cathode strip chambers (CSC) are used. In addition, selected stations are equipped with resistive plate chambers (RPC, |η| < 1.05) or thin gap chambers (TGC, |η| > 1.05) which provide measurements in both the η and φ directions. Figure 1 shows two schematic views of the muon system. At the L1 trigger, only the RPC and TGC measurements are available, whereas the the HLT also has access to the MDT and CSC measurements. The HLT algorithms can also make use of tracks found in the inner detector (ID). This allows the tracks in the muon spectrometer to be combined with tracks in the 1 ATLAS uses a right-handed coordinate system with the origin at the interaction point. In polar coordinates the azimuthal angle, φ, is measured around the beam axis and the polar angle, θ, is the angle from the beam axis. The pseudorapidity is defined as η = − ln(tan θ 2
).
ID, resulting in improved resolution and increased rejection of background events. The HLT muon algorithms using only muon spectrometer information are referred to as standalone algorithms, whereas those which combine the muon tracks with ID tracks are referred to as combined algorithms.
II. HLT MUON PERFORMANCE
The performance of the HLT muon algorithms is defined with respect to events that contain at least one muon reconstructed by the offline muon algorithms [2] . The events are selected from data taken during LHC collision runs, where the muon and inner detector systems were operating at nominal voltage. The reconstructed muon is required to have a successful match between a track in the muon system and a track in the inner detector. Furthermore, it is required to have p > 4 GeV and p T > 2 GeV. The muon is required to match a L1 muon within ΔR = Δη 2 + Δφ 2 = 0.5 in order to ensure the HLT algorithms were executed online. The following sub-sections document the performance of the L2 and EF algorithms relative to these offline muons. Details of the HLT algorithms can be found in [2] .
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A. L2 Algorithm Performance
Figure 2(a) shows the efficiency of the L2 standalone algorithm to reconstruct muons and Figure 2(b) shows the efficiency of the algorithm to select muons, where the selection is designed to retain muons with p T > 4 GeV. It can be seen that the algorithm is very efficient at reconstructing muons that are found offline. Figure 3(a) shows the comparison of the p T -measurement from the L2 standalone algorithm with the offline measurement. Good correlation is observed between the measurements. The resolution of the p T measurement can be improved by using the L2 combined algorithm and this can be seen in Figure 3(b) . The efficiency of the combined algorithm relative to offline muons found by the L2 standalone algorithm is shown in Figure 4 . 
B. EF Algorithm Performance
The EF muon trigger has access to reconstruction algorithms similar to those available offline, allowing for improved performance relative to L2. Figure 5 shows the p T measurement from the EF standalone and combined algorithms compared to the offline algorithm. A substantial improvement in the resolution is obtained with the combined algorithm. The efficiency of the EF standalone algorithm, relative to offline muons, is shown in Figure 6 and shows the algorithm has an efficiency > 98% for p T > 5 GeV. 
III. CONCLUSION
The LHC has successfully delivered the first pp collisions to the ATLAS experiment. In these first collisions the HLT was not needed to control the collision rate and as such unbiased studies of the HLT algorithms were possible. The performance of the HLT muon algorithms has been presented and all the algorithms show good initial performance. These studies give confidence that the HLT muon algorithms are ready to be used to select LHC collision events during the 2010/11 LHC run.
